Dairy manure contains high levels of cellulose, hemicellulose and a nitrogen source. These properties make dairy manure a potential biomass source for ethanol production. In this study, a dilute NaOH pretreatment and enzymatic hydrolysis were carried out for the degradation of lignocellulose from dairy manure. The response surface method and Box-Behnken design were first applied in order to optimize the NaOH pretreatment. Under the optimization conditions, 21.14 g L À1 of glucose and 9.48 g L À1 of xylose were obtained from continuous enzymolysis. The maximum ethanol concentration achieved reached 10.55 g L À1 when using ethanologenic Zymomonas mobilis without an additional nitrogen source. This produced a 71.91% ethanol yield from manure hydrolysate medium. These results demonstrate the economic benefits of using nitrogen from a dairy manure source for balancing the C/N ratio, without the need for an additional nitrogen source. The results from this study could extend beyond cellulosic ethanol for the production of other chemicals.
Bio-ethanol production by Zymomonas mobilis using pretreated dairy manure as a carbon and nitrogen source Yang Dairy manure contains high levels of cellulose, hemicellulose and a nitrogen source. These properties make dairy manure a potential biomass source for ethanol production. In this study, a dilute NaOH pretreatment and enzymatic hydrolysis were carried out for the degradation of lignocellulose from dairy manure. The response surface method and Box-Behnken design were first applied in order to optimize the NaOH pretreatment. Under the optimization conditions, 21.14 g L À1 of glucose and 9.48 g L À1 of xylose were obtained from continuous enzymolysis. The maximum ethanol concentration achieved reached 10.55 g
Introduction
With the emerging environmental issues surrounding the use of fossil fuels in addition to the fossil energy crisis that has developed, a greater interest in the use of alternative renewable energies, such as bio-ethanol, has emerged. Interestingly, dairy manure has been demonstrated to contain high levels of carbon and nitrogen nutrients, which has enabled their use as an effective fertilizer or feedstock for anaerobic digester (AD) to generate biogas. Dairy manure is a cellulose-rich biomass that contains high levels of cellulose and hemicellulose. In addition, dairy manure has been shown to have a suitable C/N ratio that enables easy digestion under anaerobic conditions. 1 In the past few decades, the production of biogas from manure has risen as an economically attractive method for renewable energy production, and has gained interest worldwide. However, during the process of AD, the majority of the nitrogen, ammonia, phosphate, and potassium from the manure were found to be present in the biogas residues or biogas slurry. In fact, up to 50% of the organic N was found to be converted to ammonium (NH 4 -N) during the process of AD, while the phosphate content in the digestate was unaffected.
2 While these biogas residues or the biogas slurry may function as an effective fertilizer for the growth of crops, the concentration of nutrients in the digestate is low, making the cost of transportation relatively high in comparison to conventional fertiliser. Additional signicant costs include investments in the storage capacity, which is required due to environmental regulations in numerous countries, including Denmark, Germany, and France. In these countries, not only is the nutrient input perhectare restricted, but the period of application is also limited to the growing season. 2 Recent studies have been carried out in an attempt to identify other value-added chemicals that are produced from manure. For example, Yao et al. used dairy manure as a nitrogen source, combined with glucose as carbon source. With this mixture, they were able to produce 29.1% of L-(+)-lactic acid via fermentation by Rhizopus oryzae.
3 Using pretreated dairy manure as a carbon and nitrogen source, Sun et al. were able to obtain an L-(+)-lactic acid yield of 40.09% via fermentation by Rhizopus oryzae. 4 In addition, a three step fermentation process that effectively utilized the nitrogen and the carbohydrate in manure to obtain a fumaric acid yield of 31% was developed in 2008. 5 Wang et al. also reported a methodology where digested dairy manure was used as a nutrient supplement for the cultivation of the oil-rich green microalgae, Chlorella sp.
6 Dairy manure has also been shown to be used for the production of cellulase by Trichoderma reesei or a mixed culture containing both T. Reesei and Aspergillus phoenicis.
7,8
The production of value-added chemicals from dairy manure requires three basic processes. These include pretreatment, enzymatic hydrolysis, and fermentation. Prior to enzymatic hydrolysis, several pretreatment methods have been investigated to identify a method to alter the crystalline structure of the lignocellulose materials for the production of bioethanol and biogas. The alkaline pretreatment of lignocelluloses with NaOH has been demonstrated to result in the removal or modication of the lignin and increase the biomass porosity. This pretreatment method was found to result in a signicant reduction of the crystallinity of cellulose, which could be responsible for improving the activity of enzymatic hydrolyses. 9 Chen et al. demonstrated that NaOH loading was the most prevalent variable in enzymatic digestibility. 10 The statistical optimization by Box-Behnken design of wheat straw pretreated with alkali showed that a 2.5% NaOH concentration was very effective in both improving the cellulosic contents and also efficiently disrupting the structure.
11 NaOH pretreatment has been considered to be an efficient method for the removal of lignin and the enhancement of the cellulose content. These aspects could be benecial for the release of greater amounts of fermentable sugar for the production of bio-based materials.
The production of ethanol from a continuously stirred tank reactor (CSTR) anaerobic digester was also investigated. These studies showed CSTR AD ber to be a suitable biorening feedstock in comparison to switch grass or corn stover.
12
Although cellulosic ethanol production has gained popularity recently, with the introduction of several commercial facilities in the last few years, the price of cellulosic ethanol remains an obstacle which limits its global large-scale production. To address this issue, a great deal of research has been focused on developing ways to reduce production costs through the development of a low-cost pretreatment method, 13,14 increased hydrolysis efficiency, robust fermentative microorganisms, and other methods. [15] [16] [17] The addition of nutrients required for microbial cell growth has been demonstrated to be crucial for the efficient fermentation of cellulosic ethanol, which could signicantly increase the cost of large-scale production. 18, 19 In order to further reduce the cost of cellulosic ethanol production, studies may focus on ways to reduce the amount of chemical nutrients added throughout the fermentation process. In addition to seeking cheaper nutrient sources as a substitute for expensive yeast extract, employing biomass enriched in nutrients for ethanol fermentation should also be considered as a potential strategy. Because dairy manure contains cellulose, hemicellulose, nitrogen, ammonia, potassium, phosphorus, and other nutrients, it could be considered as a potential feedstock for bioethanol or other value-added products without any extra nitrogen nutrients added.
While dairy manure contains high levels of cellulose, hemicellulose, and nitrogen, little attention has been paid to utilizing dairy manure as both the nitrogen and carbon source for bioethanol production. Few studies exist which focus on ethanol production from manure, i.e., the process of making alcohol through the fermentation of animal manure mixed with active yeast (EP 0085810 A2). 20 In addition, few studies have focused on the potential of bio-ethanol production from poultry manure using dilute H 2 SO 4 hydrolyzed. 21 In addition, the degradation proling of manure cellulose and the transforming rule of ammonia nitrogen are also unclear. Because dairy manure is a nutrient enriched material, the potential of its use in bioethanol production is worth considering. This is especially true for the degradation prole of manure cellulose and nitrogen resources utilized during ethanol fermentation.
22
Zymomonas mobilis possesses numerous valuable characteristics for its special Entner-Doudoroff (ED) pathway, making it an ideal ethanologenic strain to be used for ethanol production. 17, 23 Extensive fundamental studies carried out over the past 30 years have focused on Z. mobilis and have demonstrated the promise of this ethanologenic organism for large scale bioethanol production. 17 Recent studies have also demonstrated that Z. mobilis can use N 2 as a nitrogen source via its N 2 xation pathway.
22 Therefore, the current work presented here will investigate the feasibility of ethanol production from dairy manure by Z. mobilis. Dilute NaOH pretreatment and enzymatic hydrolysis were performed, followed fermentate by ethanologenic Z. mobilis, in the absence of any additional nitrogen resources. This work will not only enable the development of a deeper understanding of the degradation prole of manure cellulose and nitrogen resources utilized during ethanol fermentation, but will also provide a novel Z. mobilis based technology for ethanol production using pretreated dairy manure as a carbon and nitrogen source, without further addition of any additional nutrients. Importantly, preliminary studies regarding the utilization of ammonia nitrogen will also provide insight into nitrogen utilization in the metabolic pathway of Z. mobilis. The results from these studies could make Z. mobilis a candidate ethanologenic for ethanol production using cheaper nitrogen sources.
Materials and experiments

Material and preparation
Fresh dairy manure was obtained from Zheng long farm in Sichuan province and was stored at 4 C. The original manure was dried at 105 C and smashed into tiny particles. These were then passed through a sieved with a 40-mesh screen, blended and packed. The neutral detergent ber (NDF), acid detergent ber (ADF), and acid detergent lignin (ADL) of the original manure and pretreated manure were determined by Fibertec 2010 using quartz sand as lter acid. 24 The content changes of cellulose, hemicellulose and acid detergent lignin reected the effects of NaOH pretreatment. Data showing results from the original manure and pretreated manure are shown in Table 1 . 
Dilute NaOH pretreatment
The effects of NaOH concentration, reaction time and temperature on reducing sugar yield. The effects of NaOH concentration, reaction time and temperature on reducing sugar yield were rst investigated using a single factor experimental analysis. 10 Here, six dilute NaOH concentrations (from 1% to 10%) were used at six different reaction durations (ranging from 30 min to 8 h) and at six different temperatures (ranging from 90 C to 140 C) on original manure. Each of the samples was tested at least three times in duplicate. A dened amount of original dry manure was dissolved in a hydrothermal reaction vessel with 50 mL of a dilute NaOH solution, with 1 : 10 solid-liquid ratio. Following pretreatment, the solid-liquid slurry was transferred into a 50 mL centrifuge tube and was centrifuged at 4500 rpm min À1 for 3 minutes to separate the liquid from solid. The contents of the supernatant reducing sugar was determined using the 3,5-dinitrosalicylic acid colorimetry method (DNS). 27 Glucan and xylan contents were calculated based on glucose and xylose concentrations, using anhydro corrections of 0.9.
28 The reducing sugar yield was calculated as follows:
Response surface method design for pretreatment optimization
From the single factor experiment results, the NaOH concentration, reaction time and temperature were found to have different degrees of effects on the reducing sugar yield. Under the xed pretreatment system, high substrate concentration was found to lead to a deciently mixed solid-liquid due to the hygroscopicity of the dried matter, and the substrate concentration was not taken as a single factor experiment. Three appreciable impact points were selected from the results of each single factor experiment as a response to surface optimization. A three-level-four-factor response surface methodology (RSM) based on the central point replicate was utilized to both measure the reducing sugar yield and optimize the dilute NaOH pretreatment process. 29, 30 NaOH concentration (1%, 2%, 3%), reaction time (2 h, 4 h, 6 h), temperature (100 C, 120 C, and 140 C, respectively), and substrate concentration (100 g L À1 ,
200 g L À1 , and 300 g L À1 , respectively) were conrmed respectively. A total of 29 experiments were carried out according to the Box-Behnken design as shown in Tables 2 and 3 . 31 As with the dilute NaOH pretreatment, the reducing sugar content was measured using the DNS method. For the analysis of these measurements, the statistical model was based on the RSM by linear regression using Design Expert soware, version 8.0.6. The solid part was dried at 105 C for 5 h for the subsequent enzymatic hydrolysis reaction.
Tabletop scanning electron microscope analysis
During the pretreatment process, the structural property of the dairy manure was found to be altered. The TM-1000 was found to be an effective instrument to use for the measurement of this change. It was found that changes observed reached a magni-cation of 20-10 000. Both the original manure and pretreated manure were dried at 105 C for 5 h. These samples were then mounted on conductive double-sided tape and placed on the specimen stub. An image was displayed following the completion of the automatic function with an accelerating voltage of 15 kV.
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The different structural changes that were observed between the original manure and pretreated manure will be shown.
Enzymatic hydrolysis
Effects of enzyme dosage, substrate concentration and enzymolysis time on reducing sugar yield. The commercial enzyme solution (Sigma, CAS: 9012-54-8) from Trichoderma reesei ATCC 26921 containing 700 units per g was used for the Yield of reducing sugar ð%Þ ¼ reducing sugars released Â 0:9 DM dry weight Â ðcellulose þ hemicelluloseÞpercentage Â 100% enzymatic hydrolysis reaction. An aqueous solution with a density of 1.2 g mL À1 at 25 C was used, which means that the enzyme activity was 840 U mL À1 . One unit is dened as the amount of enzyme required to release 1 mg of glucose equivalents from the given substrate, such as lter paper, soluble carboxymethyl cellulose, or degreasing cotton, in 1 min at 50 C and pH 4.8. Cellulase is a type of compound enzyme class, including b-endoglucanase, b-exoglucanase, b-glucosidase, and xylanase. This enzyme converts cellulose and hemicellulose into glucose and xylose, respectively. The enzyme activity has been demonstrated to depend on pH and temperature. Enzymatic hydrolysis reactions were carried out in 100 mL Erlenmeyer asks containing 30 mL of 50 mM sodium citrate buffer solution at pH 4.8. The asks were incubated in a 50 C incubator shaker at 120 rpm. The effects of enzyme dosage (84-280 U cellulase per g pretreated manure), enzymolysis time (12-96 h), and substrate concentration (10-60 g L À1 ), and were tested as three single factor experiments in an effort to optimize glucose yield. Considering that the sugar yield will be increased under conditions with excess enzyme concentration and increased enzymolysis time, the single factor experiment to examine enzymatic hydrolysis was carried out under the setting and economic condition to optimize enzyme hydrolysis conditions in the absence of combinatory analysis. Following enzymatic hydrolysis, the solutions were heated to 100 C for 5 min in order to denature the enzymes. The reducing sugar yield was also calculated using the DNS method. Monosaccharides analysis. The reducing sugar yield in the supernatant was analyzed by DNS, while the monosaccharide composition was determined by the comparison of retention time with standards using High Performance Liquid Chromatography (HPLC). An HPX-87H ion exclusion column (BioRadAminex) was used at 35 C with 5 mM H 2 SO 4 as a mobile phase. A ow rate of 0.6 mL min À1 and an injection volume of 20 mL were used with a 30 min analysis time.
Continuous enzymatic hydrolysis. According to the optimum conditions found for enzymatic hydrolysis, the experiment of continuous enzymolysis was also carried out in order to identify a method to enhance the sugar concentration for ethanol production. Thirty-grams of pretreated manure mixed with a suitable amount of cellulase were added as substrate to 100 mL of sodium citrate buffer solution. Chloramphenicol was also added in order to prevent microbial contamination. Under the reaction conditions of 50 C and 120 rpm, a 93 h continuous enzymolysis time was carried out in a 250 mL triangle bottle. The substrate and enzyme was divided into four parts, and was added in every 3 h primitively. The sugar yield was determined by HPLC. 
Ethanol fermentation
In order to estimate the fermentation potential of the continuous enzymatic hydrolysate, Z. mobilis ZMT2 was chosen as the fermentation strain for ethanol production. 25 Before inoculation, the continuous enzymatic hydrolysate was sterilized using as eptic membrane ltration. In addition, the RM medium was used as a control for the comparison of utilizing carbon and nitrogen during ethanol fermentation. Using a 10% inoculation concentration, the fermentation experiment was carried out at 30 C without shaking. HPLC was used to analyze the glucose consumption and ethanol yield using the following equation:
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Analysis of nitrogen content
The nitrogen content in pretreated, enzymatic hydrolysis, and fermentation solutions were analyzed by a spectrophotometric method, using an auto analyzer (AA3, Bran + Luebbe, Norderstedt, Germany).
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Results and discussion
Characterization of raw manure
The characterization of raw manure and NaOH-pretreated manure solids are presented in Table 1 . Lignocellulosics (hemicellulose, cellulose and lignin) were found to account or 56.39% of the raw manure dry matter. Following NaOH pretreatment, the cellulose fraction was found to increase by 20%, from 24.57% to 44.78%. This observed increase is higher than the previous report of 35.67%. 35 On the other hand, we observed a slight decrease in lignin and a signicant decrease of hemicellulose. This indicates that the NaOH pretreatment efficiently disrupted the manure structure, reducing its crystallinity. The cellulose degradation process produces glucose, while the degradation of hemicellulose produces xylose. A high proportion of cellulose indicates that the protocol can be further optimized to produce more glucose.
Dilute NaOH pretreatment
Effects of NaOH concentration, reaction time and temperature on reducing sugar yield. A reduction in sugar yield was found to correlate with increasing NaOH concentration, reaction time, and temperature. The NaOH pretreatment was found to have a positive effect on reducing the sugar yield, as depicted in Fig. 1 .
The single factor experiment examining the effect of NaOH concentration was carried out rst at 120 C for 2 h, with an initial 100 g L À1 substrate concentration used, as shown in Fig. 1(a) . Under conditions with 1% NaOH (w/v), the reducing sugar yield was calculated to be 2.90% (76.5 mg reducing sugar/ 5 g dry manure), which was nearly twice that of the 1.57% calculated with pure water pretreatment conditions. The maximum reducing sugar yield of 3.37% (88.8 mg reducing sugar/5 g dry manure) was achieved when a 6% NaOH concentration was used. Any further increase in alkali concentration provided only a minor inuence on the reducing sugar recovery. For economical considerations, three different NaOH concentrations (1%, 2%, and 3%, w/v) were selected for response surface optimization. Next, the effect of the reaction time on sugar recovery was examined. In these experiments, the reaction time ranged from 0.5 h to 8 h, with a xed substrate concentration of 100 g L À1 ,
a xed temperature of 120 C, and a xed 4% NaOH concentration. As shown in Fig. 1(b) , the reducing sugar yield was observed to rapidly increase from 2.70% (71 mg reducing sugar/ 5 g dry manure) at 0.5 h to 4.08% (107.5 mg reducing sugar/5 g dry manure) at 4 h. From 0.5 h to 4 h, the reducing sugar yield was found to increase to 1.38%, where it then stabilized. Only a 0.03% increase was observed when the reaction time was increased from 4 h to 8 h, with a reducing sugar yield of 4.11% (108.5 mg reducing sugar/5 g dry manure) at 8 h. These results demonstrate that NaOH treatment within 4 h was sufficient for reducing sugar recovery from dairy manure. Finally, the effect of temperature on reducing the sugar yield was studied by examining six different temperatures, ranging from 90 C to 140 C. These experiments were carried out with a 4 h reaction time, a 100 g L À1 substrate concentration, and a 4% NaOH concentration. The trend of reducing sugar yield changes with temperature was similar to that observed with changes in the reaction time. As shown in Fig. 1(c) , the reducing sugar yield was raised from 3.21% (84.5 mg reducing sugar/5 g dry manure) at 90 C to 4.08% (107.5 mg reducing sugar/5 g dry manure) at 120 C. However, when the temperature was increased from 120 C to 140 C, the reducing sugar yield was found to increase by only 0.10%. This suggests that the browning reaction occurred slowly at high temperatures.
Higher temperature pretreatment combined with NaOH solution were found to effectively eliminate ber crystallization.
Response surface analysis (RSA). In order to optimize the effect of factors on reducing sugar yield, we performed a central composite design (CCD) with four factors at three levels. Table 2 shows the actual values of the different combinations used for this response surface methodology. The central composite design was also applied using Design-Expert 8.0.6 soware. According to the design, a total of 29 experiments with four factors were generated, as depicted in Table 3 . The actual value and the predicted value on the response for reducing sugar yield were very similar. The variance analysis (ANOVA) shows that the model F-value of 10.37 implies that the model in Table 4 is signicant. Specically, there is only a 0.01% chance that a "Model F-Value" this large could occur due to noise. Values of "Prob > F" less than 0.05 indicate model terms were signi-cant. 11 In this case, X 1 , X 2 , X 3 , X 4 , X 2 X 3 , X 3 2 were signicant value. Considering the single factor, the sequence of effects on the reducing sugar yield were X 4 > X 2 > X 1 > X 3 , while the interaction effect sequence was
The interaction effects on the reducing sugar yield are shown in Fig. 2 . The multiple quadratic response surface regression model should cover all of the variables and coefficients while using Design-Expert soware for quadratic regression analysis. From this, we obtained the following model:
Where, X 1 , X 2 , X 3 , and X 4 refer to the reaction time, temperature, NaOH concentration, and substrate concentration, respectively.
On the basis of CCD from Box-Behnken and the theory of response surface analysis, the optimal conditions were determined to be a 6 h reaction time, 140 C, a 1.34% NaOH concentration, and a 100 g L À1 substrate concentration. Under these optimal conditions, a reducing sugar yield of 4.15% (109.4 mg reducing sugar/5 g dry manure) was achieved. A verication test demonstrated similar results, with a reducing sugar yield of 4.14% (109.1 mg reducing sugar/5 g dry manure). These results demonstrate that the response surface method is both feasible and suitable for reducing sugar yield analysis under these conditions. Tabletop scanning electron microscope analysis. The structural changes present between untreated manure and NaOH pretreated manure were further analyzed using TM. As depicted in Fig. 3 , the ber structure of untreated manure appeared to be rougher than the NaOH pretreated manure. In addition, we observed that more substances were attached to the surface. These substances have previously been reported to be nitrogenrelated materials. Another difference observed was that in the case of manure pretreated with NaOH, some holes were visualized on the ber structure surface, while the ber stripe was also found to be thinner. The observations made from these studies demonstrate that an alkali pretreatment efficiently breaks down the crystalline structure of ber, resulting in hemicelluloses degradation, and the removal of lignin to expose cellulose.
Enzymatic hydrolysis
Effects of enzyme dosage, substrate concentration and enzymolysis time on reducing sugar yield. In order to obtain the maximal sugar yield and reduce the cost of biofuel production, the enzymatic hydrolysis conditions were optimized in terms of enzyme dosage, substrate concentration, and enzyme reaction time. As depicted in Fig. 4(a) , the reducing sugar yield was found to decrease with increasing substrate concentration. The maximum sugar yield of 44.3% (85.8 mg reducing sugar/0.3 g pretreated manure) was obtained with a 10 g L À1 substrate
concentration. Higher substrate concentrations were found to have a negative effect on sugar recovery, with a 17.6% sugar yield obtained using a 60 g L À1 substrate concentration (204.8 mg reducing sugar/1.8 g pretreated manure). This could be explained by the fact that high substrate concentration could inhibit contact between the enzyme and substrate, resulting in decreased enzyme activity. Fig. 4(b) shows the effect of enzyme reaction time on sugar yield. The reducing sugar yield was found to increase from 27.1% (52.5 mg reducing sugar/0.3 g pretreated manure) to 53.1% (102.9 mg reducing sugar/0.3 g pretreated manure). The increase in the enzyme reaction time was found to result in a clear increase in the yield of reducing sugar. However, a further increase in the reaction time was found to have no obvious effect on the reducing sugar yield. Aer 72 h, the reducing sugar yield trend stabilized. These results indicate that a 72 h reaction time enables the concentration of reducing sugar to reach 3.4 g L À1 , with longer reaction times not providing any further sugar release. Cellulase was found to play a key role in the enzymatic hydrolysis reaction that inuences the reducing sugar yield. The effect of enzyme dosage on reducing sugar yield is shown in Fig. 4(c) . Under conditions where a 10 g L À1 substrate concentration was used, an increased dosage of enzyme (from 84 U to 196 U cellulase per g pretreated manure) was found to increase cellulose degradation, increasing the reducing sugar yield from 35.3% (68.5 mg reducing sugar/0.3 g pretreated manure) to 55.5% (107.5 g reducing sugar/0.3 g pretreated manure). However, when the cellulase dosage was greater than 196 U g À1 pretreated manure, the reducing sugar yield was found to have only a small decrease of 2.55%. This observation could be potentially explained by end-product inhibition. With lower enzyme dosages, the sugar concentration did not reach the maximum. However, when the enzyme dosage was higher than 196 U cellulase per g pretreated manure, the high concentration of sugars were found to have an inhibitory effect on cellulase activity. Based on results from the single factor experiment analysis, the ideal enzymatic hydrolysis conditions were determined to be the following: a 10 g L À1 substrate concentration, a 72 h enzyme reaction time, and a 196 U g À1 pretreated manure cellulase dosage. Monosaccharides analysis. The monosaccharide composition analysis was also examined using a single factor experiment with a 196 U cellulase per g pretreated manure enzyme dosage, a 48 h reaction time, and a 1% substrate concentration. The results from these experiments demonstrated that the enzymatic hydrolysate contained primarily cellobiose, glucose, and xylose. Glucose and cellobiose were generated from cellulose hydrolysis, while xylose was generated from the hydrolysis of hemicellulose. Because of the reaction time in these experiments, the cellulose was inadequately hydrolyzed, resulting in the production of cellobiose, a product that cannot be utilized for ethanol production by microorganisms. This observation indicates that enzymatic hydrolysis requires a specic amount of time for the hydrolysis of one mole of cellobiose into two moles of glucose, as the enzymatic hydrolysate contained only a single glucose and xylose following complete hydrolysis. In an additional study, 115.6 g L À1 glucose
was produced under conditions where 0.8 M dilute H 2 SO 4 was hydrolyzed at 130 C, with a 30 min hydrolysis reaction time, without cellulase enzymatic hydrolysis. 21 However, the degradation prole of manure cellulose was not shown in this study.
Continuous enzymatics. Under the optimum enzymatic hydrolysis conditions, the total concentration of reducing sugar was found to increase with increasing enzymatic reaction times, reaching 41 g L À1 at 93 h. As shown in Fig. 5 , the concentrations of glucose and xylose rapidly increased with in 9 h, reaching close to half of the total output. Aer 9 h, the glucose and xylose concentrations continued to slowly increase until 93 h. Upon completion of the continuous enzymolysis, the glucose and xylose concentrations were measured to be 21.14 g L À1 and
9.48 g L À1 , respectively. These results indicate that the process of continuous enzymolysis could enhance the concentrations of glucose and xylose, and could be suitable for fermentation. Ethanol fermentation analysis. Ethanol fermentation by Z. mobilis ZMT2 was carried out using hydrolysate as a substrate, and RM medium was used as a control. Z. mobilis ZMT2 possesses a unique Entner-Doudoroff metabolic pathway for the anaerobic fermentation of hexose for ethanol production. Substrates for this pathway include glucose, fructose and sucrose, but not pentose. As shown in Fig. 6(a) , a 20 g L À1 concentration of glucose was completely consumed and produced a 9.6 g L À1 ethanol yield within 12 h in RM medium.
The total amount of glucose depleted in 48 h to generate 10.55 g L À1 ethanol and a 71.91% ethanol yield in manure hydrolysate medium is presented in Fig. 6(b) . The slower glucose conversion rate observed in hydrolysate medium could be due to the presence of inhibitors that exist in the medium, or were possibly produced by the NaOH pretreatment. This phenomenon should be examined further in future studies. Alternatively, the limitations on the sugars utilized by Z. mobilis ZMT2 in this study, such as pentose and xylose which cannot be consumed in the continuous enzymatic hydrolysate for ethanol fermentation, could also lead to a decreased theoretical ethanol yield. Microbial growth and metabolism require an adequate nitrogen source. In our fermentation experiments, the nitrogen content in pretreated manure hydrolysate was reduced from 108.2 mg L À1 to 57.0 mg L À1 , indicating that 47.3% of the nitrogen source had been consumed by Z. mobilis ZMT2 for cell growth and metabolism (as shown in Fig. 7 ). In comparison with results shown in Fig. 6(a) , Z. mobilis ZMT2 was found to be able to ferment manure hydrolysate for ethanol production in the absence of an additional nitrogen source. This indicates that the nitrogen content in the enzymatic hydrolysate was sufficient for Z. mobilis growth and metabolism. While previous studies have reported the ability to produce ethanol from animal manure, 20,21 the transforming rule of ammonia nitrogen was unclear in these studies. In our current work, we rst show that some ammonia nitrogen resources exist in manure, which may be utilized as a nitrogen source for ethanol production. Following fermentation, 47.3% of the nitrogen source was found to be consumed by Z. mobilis. The preliminary study regarding ammonia nitrogen utilization in Z. mobilis will provide insight into the nitrogen utilization metabolic pathway.
It is important to note that other industrial nitrogen sources used for cellulosic ethanol, i.e. corn steep liquor (CSL), diammonium phosphate (DAP), have been estimated to incur costs between $1.7 and 2.2 million per year in a 200 million liter ethanol plant. 18, 19 Thus, a sustainable alternative nitrogen source is desirable. In our current study, dairy manure was shown to provide not only a fermentable sugar, but also an adequate nitrogen source for ethanol production. This source will provide a new candidate biomass resource for the production of ethanol or other chemicals in the future. Furthermore, we also speculate that the addition of dairy manure could also be used in the process of cellulosic ethanol production for balancing the C/N ratio, without the need for any additional nitrogen source. Thus, the economic benets of nitrogen from dairy manure could extend beyond cellulosic ethanol to the production of other chemicals. Interestingly, previous studies have also indicated that Z. mobilis could utilize N 2 as a nitrogen source via the N 2 xation pathway. 22 In a cellulosic feedstock-derived medium, Z. mobilis was demonstrated to achieve a similar cell density and a slightly higher ethanol yield when provided with N 2 instead of the industrial nitrogen supplement. 22 Genomic evidence also demonstrates the presence of a N 2 xation pathway in Z. mobilis, with the identication of some genes that are potentially involved in nitrogenase function and regulation including nifH (ZMO1823), nifK (ZMO1824), and nifD (ZMO1825). The gene (ZMO0493), which encodes glutamine synthetase, along with two genes (ZMO1116 and ZMO1117) that encode glutamate synthase have also been identied in Z. mobilis, and could play a role in the conversion of ammonia to L-glutamine. Thus, the current study regarding N 2 xation along with our study regarding ammonia nitrogen utilization from manure in Z. mobilis will provide advantages for ethanol production through the utilization of a cheaper nitrogen source.
Mass balance of dairy manure-to-ethanol conversion process. As depicted in Fig. 8 , under the optimal conditions of NaOH pretreatment and cellulose hydrolysis, 36.9 kg of ethanol was produced by Z. mobilis ZMT2 from 1000 kg of dried dairy manure. The other 62.7 kg of xylose was fermented by engineered yeast to theoretically produce 33.4 kg of ethanol. 36 As the Z. mobilis used in this study was unable to convert xylose to ethanol, only a 36.9 kg ethanol yield was achieved from 1000 kg of dried dairy manure. When a xylose-utilization recombinant Z. mobilis strain, or another engineered strain, was used, the ethanol yield reached 70 kg from 1000 kg of dried dairy manure without an additional nitrogen source. This indicates that dairy manure could be used as an ideal biomass for ethanol fermentation in the future. This journal is © The Royal Society of Chemistry 2017
